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A High-Turnover Phenotype of Calsequestrin with Elevated Rates of Syn-
thesis and Degradation Replaces Normal Calsequestrin in Heart Failure
Naama Sleiman1, Sony Jacob1, Javier Sala-Mercado1, Timothy McFarland1,
Hani Sabbah2, Steven E. Cala1.
1Wayne State University, Detroit, MI, USA, 2Henry Ford Health Systems,
Detroit, MI, USA.
Left ventricular hypertrophy involves an increase in the size of cardiomyo-
cytes. A central feature of the phenotype is accelerated protein synthesis,
but changes are complex, involving increases in protein translation capacity,
efficiency, and turnover. We purified calsequestrin (CSQ), a major protein
component of the Ca2þ release protein complex, from frozen heart samples
of sham control mongrel dogs, or dogs subjected to either tachycardia-in-
duced or microembolism (ischemia)-induced heart failure. We found that
the levels of CSQ protein did not change significantly as a result of either
of these two treatments. CSQ recovered from control dog heart tissue was,
however, fundamentally different from that present in normal dogs. CSQ un-
dergoes both co-translational addition of an N-linked glycan as well as an un-
usual co-translational phosphorylation of its C-terminus. In control heart
tissue, CSQ exhibited its characteristic polymorphic pattern of post-transla-
tional demannosylation and dephosphorylation. Failing hearts, however,
was marked by large percentages of CSQ molecules (20-40% of total levels)
with Man9,8 glycans, reflecting more newly synthesized protein in rough ER.
In addition, there was a significant ‘‘retrograde shift’’ in the average glycan
processing of CSQ glycans, with longer-lived CSQ molecules replaced with
shorter-lived. Such changes indicate a major degradation and biosynthesis
(increased turnover) phenotype for CSQ, perhaps representing changes
needed to support increased hypertrophic growth. Two phenotypes are also
evident using a SDS gel-based analysis. Taken together with our recent find-
ings that CSQ is synthesized around myonuclei and phosphorylated on
its C-terminus during its biosynthesis, we propose that qualitative alterations
in CSQ metabolism occur in hypertrophic heart. In this proposed model, in-
creased CSQ synthesis leads to increased CSQ in perinuclear cisternae, while
increased CSQ degradation prevents buildup of protein in junctional SR
cisternae.
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T-Tubule Remodeling Causes Ca2þ Cycling Defects during the Progres-
sion to Heart Failure in the Intact Spontaneously Hypertensive Rat Heart
J. Andrew Wasserstrom, Deepak Gupta, Nikhil Bassi, Matthew J. O’Toole,
James E. Kelly, Satvik Ramakrishna, Daniel Schuster, Nimi Chirayil,
Sanjiv Shah, Rishi Arora, Gary L. Aistrup.
Northwestern University Feinberg School of Medicine, Chicago, IL, USA.
Severe disruption of the t-tubule network in cardiac myocytes has been found
in nearly all animal and human models of heart failure. T-tubule disorgani-
zation would be expected to cause alterations in the EC coupling because
of a separation of junctional SR from trigger Ca entry and the increase in or-
phaned ryanodine receptors. However, little is currently known about
changes in t-tubules during the early stages of disease development, before
heart failure (HF) develops. The goal of this study was to measure the rela-
tionship between cardiac function, t-tubule organization and Ca2þ cycling de-
fects in whole hearts during the progression to HF. We combined
echocardiography with confocal measurements of t-tubule organization (di-
4-ANEPPS) and Ca2þ (fluo-4AM) in intact hearts of spontaneously hyperten-
sive rats (SHR) ranging from 4 to 18 months of age. Echocardiography dem-
onstrated defects in cardiac function that correlated with an increasing
number of myocytes showing decreased t-tubule organization (calculated
from FFTs of confocal images). In addition, t-tubule disorganization caused
progressive development of Ca2þ cycling defects, explaining the reduced
overall cardiac function. Our data suggest that the progression from hyperten-
sion to HF in SHRs occurs as the number of myocytes showing poor t-tubule
organization and Ca2þ cycling defects increases and the fraction of normal
cells decreases.
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The Dysregulation of Cardiac Excitation-Contraction Coupling in Endo-
toxemic Mice Occurs Independently of cGMP
Ion A. Hobai1,2, Emmanuel Buys1, Eric H. Weiss3, Antonis A. Armoundas1,
Deborah Siwik2, Peter Brouckaert4, Wilson S. Colucci2.
1Harvard Univ., Boston, MA, USA, 2Boston University Medical Center,
Boston, MA, USA, 3Mass. Institute of Technology, Boston, MA, USA,
4Flanders Institute for Biotechnology, Ghent, Belgium.
Background. In sepsis, nitric oxide (NO) activates soluble guanylate cyclase
(sGC) to synthesize cGMP, and also induces oxidative modifications (OM)of proteins. Here we aimed to differentiate the roles of cGMP and OM in the
dysfunction of cardiac calcium (Ca2þ) handling induced by endotoxemic shock
in mice.
Results. 12h after lipopolysaccharide (LPS) administration (25 mg/g, ip) to wild
type (WT) mice, isolated cardiomyocytes showed (vs. baseline) decreased
sarcomere shortening (SS), Ca2þ transients (DCai), L-type Ca
2þ channel
(LTCC) current (ICa,L) and expression and slower diastolic Ca
2þ reuptake
(tCa) by sarcoplasmic reticulum ATP-ase (SERCA, see Table). All deficits
were similar or more pronounced in mice deficient in the major isoform of
sGC (sGCa1
-/-). In both genotypes, LPS induced no change in SERCA and
phospholamban (PLB) expression (normalized to WT.BL), and PLB phosphor-
ylation (not shown). In WT, LPS decreased the degree of SERCA labeling with
biotinylatediodoacetamide (BIAM), indicating the presence of OM (previously
associated with SERCA inhibition).
Conclusions. In mice, LPS decreases LTCC expression, and allosterically
inhibits SERCA. Both effects contribute to cardiac dysfunction, are indepen-
dent on cGMP and may be secondary to NO-induced OM of Ca2þ trans-
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Stereoselectivity of Propafenone RyR2 Channel Block and Prevention of
Ventricular Arrhythmia In Vivo
Michela Faggione, Hyun Seok Hwang, Bjorn C. Knollmann.
Vanderbilt University, Nashville, TN, USA.
BACKGROUND: Catecholaminergic polymorphic ventricular tachycardia
(CPVT) is characterized by emotional or physical stress-induced arrhythmias
in carriers of mutations in either cardiac ryanodine receptor (RyR2) or cardiac
calsequestrin (Casq2). These mutations cause spontaneous premature sarco-
plasmic reticulum Ca2þ release, which activates the Naþ/Ca2þ exchange result-
ing in delayed afterdepolarization with an increased risk of ventricular
arrhythmias. As reported elsewhere, we found that the enantiomers of the
class 1 antiarrhythmic drug propafenone are stereoselective inhibitors of single
RyR2 channels expressed in bilayers. Here we studied the efficacy of propafe-
none and its R and S enantiomers on spontaneous Ca2þ release in myocytes and
in vivo in a CPVT mouse model.
RESULTS: Consistent with its higher potency of RyR2 channel block in bila-
yers, R-propafenone was more potent than S-propafenone in reducing the rate
of isoproterenol-stimulated Ca2þ waves (IC50=1.150.47mM and 650.41mM
respectively) in intact myocytes isolated from Casq2-/- mice. We then tested
the effects of an intraperitoneal injection of either racemic propafenone or its
enantiomers in vivo in Casq2-/- mice using a treadmill exercise test. A dose
of 5mg/kg of racemic mixture of propafenone protected the mice from
CPVT during exercise compared to the vehicle but not during the hours follow-
ing the test. Consistently with our in vitro results, we then observed that 5mg/kg
of R-propafenone significantly prevented CPVTs, both during exercise and in
the follow-up hours, whereas the same dose of 5mg/kg of S-propafenone was
not effective. A dose of 20 mg/kg S-propafenone were required in order to
obtain the same protection as R-propafenone.
CONCLUSIONS: Our results suggest that compared to S-propafenone,
R-propafenone, has a higher potency in blocking RyR2 channels and spontane-
ous Ca2þ waves, which resulted in a significantly better protection from stress-
induced CPVT in vivo. Supported by NIH-R01-HL088635.SYMPOSIUM 9: Cell and Tissue Mechanics
and Modeling-AFM and Rheology, Small
to Tissue Scale
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Cytokinesis Through Biochemical-Mechanical Feedback Loops
Douglas N. Robinson.
Johns Hopkins University School of Medicine, Baltimore, MD, USA.
Cytokinesis, the division of a mother cell into two daughter cells, is an essential
cellular process with significant developmental and medical implications. Fun-
damentally mechanical, this geometrically simple cell shape change encom-
passes nearly all cellular processes. Particularly featured are cytoskeletal
mechanics, molecular motor mechanochemistry, fluid dynamics, and cellular
physiology, all of which are carried out by genetically encoded biomolecules.
Furthermore, our work is revealing that cytokinesis is an integrated control sys-
tem characterized by mechanical and biochemical feedback loops. I will pres-
ent our current thinking of how these processes and features contribute to the
physical aspects of cytokinesis.
